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Matured ovaryAbstract The present study aimed to develop a gonad-stimulating substance-like peptide (GSSL)
immunochromatography measuring kit (GIM-Kit) to detect females of the sea cucumber
Apostichopus japonicus that are ready for the collection of matured eggs for artiﬁcial insemination
in hatcheries. A. japonicus is the major species consumed in East Asian countries. With regard to
the increasing demand for the species in the region, collecting the minimum number of females for
hatching is beneﬁcial for sustaining the livestock and increasing the efﬁciency of breeding. A
prototype GIM-Kit was constructed based on the double-antibody sandwich immunosorbent assay
technique using two polyclonal antibodies that were generated against a physiologically active
AEIDDLAGNIDY amino acid sequence of GSSL and a 40-nm-diameter colloidal gold-tagged
antibody. The GIM-Kit detected as little as 80 ng of GSSL in approximately 0.4 g mL1 of ovaries
that was diluted in distilled water. The detection time was approximately 20 min in the early (April)
to mid (May) breeding season. The immunoreaction of the ovaries was high among the females
318 H. Katow, T. Katowduring the early to mid-breeding season and low at the end of the season. Thus, the present GIM-Kit
is applicable for practical use in hatcheries.
ª 2014 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).Introduction
Increasing demand for food production in the world necessi-
tates the development of an efﬁcient and sustainable technol-
ogy to generate the primary products. Particularly in sea
cucumber ﬁsheries, acquiring the maximal amount of matured
eggs from the minimal number of animals will contribute to
sustainability of ﬁshery resources. Selecting sexually matured
females is laborious because of the extremely asynchronous
development of the ovary not only seasonally but also ovarian
regions in the same females (Smiley and Cloney, 1985; Katow,
2012). Furthermore, identifying matured eggs requires skills in
Reproductive Biology and Immunochemistry and the labora-
tory facilities with a quality that is often unaffordable to the
majority of seaside hatcheries. Since male animals are easily
identiﬁed due to their stable production of sperm (Ahmed
et al., 2011), the present study focused on females.
The present study proposes a prototype device for detecting
the females that have matured ovaries using the one-step tech-
nology of immunochromatographic lateral ﬂow strips. The
technology has been applied to detect pathogens in medical sci-
ences (Seto and Gillam, 1994; Depierreux et al., 2000;
Watanabe et al., 2001; Thongprachum et al., 2010), agriculture
(Lakner et al., 1998; Li et al., 2011; Hua et al., 2012), veteri-
nary medicine (Oh et al., 2006; Waritani et al., 2007) and ﬁsh-
eries (Takahashi et al., 2003; Adams and Thompson, 2008;
Gas et al., 2010; Kum and Sekkin, 2011). The technique has
been also applied to detect hormones, such as human chorionic
gonadotropin in urine, for early detection of pregnancy (May,
1991). Furthermore, the accuracy of the one-step immuno-
chromatography is regarded to be comparable to that of the
reverse transcription-polymerase chain reaction tests in detect-
ing respiratory syncytial virus (Kuroiwa et al., 2004). However,
no such technique has been applied to aquaculture to date,
despite the potential beneﬁts to efﬁcient propagation of ﬁshery
resources at hatcheries. In sea cucumber hatcheries, a large
number of adults are collected to obtain matured eggs, which
are available only from a very small proportion of these ani-
mals. If a technique to detect the females that have matured
eggs alone was available, the collection of such a large number
of adults will not be required.
Gonad-stimulating substance-like peptide (GSSL) is
expressed during the breeding season of Apostichopus japonicus
(Selenka) (Katow et al., 2009). Although GSSL is present in
various organs, such as the body wall, warts, radial nerves, tes-
tes and ovaries, the gonads alone express the peptide in a man-
ner closely associated with that of the breeding season (from
March to June), whereas the other organs express GSSL
throughout the year (Ahmed et al., 2011). Thus, GSSL in the
gonads is a molecular marker of the animals being in breeding
season. The present study aimed at developing a GSSL-immu-
nochromatography measuring kit (GIM-Kit). Two antibodies
[anti-GSSL-L antibody (L-Ab) and -N Ab (N-Ab)] weregenerated, and their speciﬁcity in the detection of the gonads
in the matured stage has been previously observed (Katow
et al., 2009; Ahmed et al., 2011). In this study, we report the
successful creation and practical application of a GIM-Kit.
The basic design of the GIM-Kit is similar to known immu-
nochromatography measuring kits (Depierreux et al., 2000;
Takahashi et al., 2003; Hua et al., 2012) and is based on the
double-antibody sandwich immunosorbent assay technique
(Riske et al., 1990; Fig. 1A). The GIM-Kit was constructed
on a strip of nitrocellulose membrane that was combined with
a sample absorbent pad (SAP) on one end. The sample being
applied to the SAP ﬂows laterally in a nitrocellulose membrane
to the ﬁrst colloidal gold-tagged anti-GSSL Ab (CG-Ab)-con-
taining section (CG-Ab). When the sample contains GSSL, a
CG-Ab-GSSL complex is formed at the CG-Ab-containing sec-
tion and trapped at the ﬁrst test line (T1 line) by the presence of
another immobilised anti-GSSL Ab that also binds to the com-
plex through the GSSL epitope by forming a sandwich of two
Abs and antigen (Fig. 1B). Thus, the T1 line concentrates the
CG-Ab, which is visualised as a red line. The extra T1-line-
unbound CG-Abs that does not bind the GSSL is trapped by
the next immobilised goat anti-mouse IgG (T2 line) via mouse
IgG of the CG-Ab (Fig. 1C). Again, the T2 line was also visu-
alised as a red line by the accumulated CG-Ab, which conﬁrms
that the red colour at the T1 line derives from the CG-Ab.
Thus, the samples that contain GSSL will be detected by two
red lines, whereas the absence of the GSSL is indicated by a sin-
gle red line at the T2 line region. The two-step detection is nec-
essary to ensure that T1 line is derived from mouse anti-GSSL
Ab but not from some non-speciﬁc proteins in the sample that
occasionally happens in immunoblotting.
Materials and methods
Animals
Adults of the sea cumber A. japonicus were used. Green and
black body-coloured variants were collected around the
Research Center for Marine Biology, Tohoku University,
Aomori, Asamushi, Japan, and cultured at 16 C in a temper-
ature-controlled seawater tank. For the warts analysis, black
body-coloured variants were also used. In an attempt to ﬁnd
easier access to detect GSSL in the animal, the body ﬂuid
was collected from the body cavity using syringes. The body
ﬂuid was stored at 80 C, vacuum-dried with VD-800F Vac-
uum Freeze Dryer (TAITEC, Koshigaya, Japan), hydrated
with sterilised double distilled water (DDW) to 1/3 of original
volume. The sample was ﬁltered through 0.2 lm cellulose ace-
tate ﬁlters (MN Sterilizer CA, Macherey-Nagel GmbH & Co.
KG, Du¨ren, Germany), desalted with HiTrap Desalting col-
umns (GE Healthcare UK Ltd., Buckinghamshire, UK), and
analysed using mouse anti-GSSL antibodies with immunoblot-
ting as described below in the present study.
Figure 1 Schematics of the gonad-stimulating substance-like (GSSL)-immunochromatography measuring kit (GIM-Kit) and of
principle of double-antibody sandwich enzyme-linked immunosorbent assay technique. (A) Schematic constitution of GIM-Kit. Arrows
facing right indicate the direction of lateral ﬂow of GSSL containing solution that is applied to the sample absorbent pad on the left end of
GIM-Kit. (B) Schematic image of double-antibody sandwich that was formed between colloidal gold-conjugated mouse-anti-GSSL
antibody and immobilised mouse anti-GSSL antibody (blue) through GSSL (green circles) at T1 line. (C) Schematic image of colloidal
gold-tagged mouse anti-GSSL antibody trapped by immobilised goat anti-mouse IgG antibody (orange) at T2 line.
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The L-Ab and N-Ab were raised in mice using a synthetic pep-
tide, AEIDDLAGNIDY, which constitutes a part of the phys-
iologically active GSSL of A. japonicus (GenBank: Nucleotide
AB434762) (Katow et al., 2009).
The protein content of the antibodies was estimated with a
UV/Visible Spectrophotometer (Ultraspec 2000, Pharmacia
Biotech, Tokyo, Japan) at A280 using bovine serum albumin
(BSA) dissolved in DDW as standards. The IgG of the L-Ab
and N-Ab was puriﬁed by Ab-Rapid PuRE (Funakoshi Co.
Ltd., Tokyo, Japan) after being diluted 1:3 in phosphate-buf-
fered saline, and then, they were further diluted 1:10 in sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS–
PAGE) sample buffer under reducing conditions to examine
the molecular conﬁguration. The gels were stained with Coo-
massie Brilliant Blue R-250 (CBB). For immunoblotting anal-
ysis, protein aliquots were blotted to nitrocellulose membranes
that were then incubated with alkaline phosphatase (AP)-
tagged goat anti-mouse IgG Ab (Sigma–Aldrich, Inc., St.
Louis, MO. USA), with the colour developed as described
before (Katow et al., 2009).
The immunoreactivity of the L-Ab was examined by dot
blotting using the ovaries of February and May animals. The
ovaries were lyophilised as described previously (Katow
et al., 2009), diluted in DDW, and centrifuged at 3000g for a
few minutes at 4 C. The protein content of the supernatant
was estimated at A280 as stated above and diluted at
1 mg mL1 in DDW. Twenty microlitres of the samples was
dot blotted to nitrocellulose membranes with a dot blotter
(Sanplatec, Osaka, Japan) for 1 h at ambient temperature.
The membranes were incubated with 5% skim milk diluted
in 0.1 M Tris buffer (pH 7.5) with 0.05% Tween-20 (TBST)
for 1 h to block non-speciﬁc binding of the L-Ab. One hundredmicrolitres of the L-Ab that was diluted at 5 · 102, 1 · 103,
and 2 · 103 in TBST was applied to the blots to incubate for
2 h. The blots were rinsed in TBST three times (10 min each),
incubated with AP-tagged goat anti-mouse IgG and the colour
was developed as described above.
Colloidal gold conjugation to the IgGs
The L-Ab and N-Ab were puriﬁed using diethylaminoethyl-
cellulose ion exchange chromatography. The immunoreactivity
of the Abs was conﬁrmed by enzyme linked immunosorbent
assay and concentrated to 0.4 mg mL1. Fifty micrograms of
the Abs was tagged with 1 mL of 40 nm diameter colloidal
gold (BB International Solutions, Cardiff, UK) in the presence
of 3 lL of 30% BSA, 50 lL of 1% polyethylene glycol (PEG)
in a mixture of 5% glycerol, 0.05% PEG and 0.02% sodium
azide in 200 lL mL1 of the Ab-colloidal gold solution
(AbCG-solution). The AbCG-solution was centrifuged at
19000g for 30 min at 10 C, the supernatant was discarded
and the precipitate was diluted in 100 lL of dilution buffer
[1% BSA, 1% glycerol, 0.1% PEG, 0.1% sodium azide in
0.2 M carbonate–bicarbonate buffer (pH 9.5)] with gentle agi-
tation, before the colloidal gold-tagged Ab was collected. The
ﬁnal concentration of 40 nm diameter colloidal gold-tagged
Ab was 40 lg 100 lL1.
To examine the feasibility of the use of goat anti-mouse IgG
Ab (G-Ab) (Sigma–Aldrich, Inc.) at the T2 line, 2 lL of
1 mg mL1 G-Ab was diluted to 101, 102, 103 and 104
and dot blotted to the nitrocellulose membranes, which were
then blocked with 1% BSA in TBST (blocking solution) for
15 min. The colloidal gold-tagged L-Ab was diluted 1:20 in
the blocking solution and applied to the nitrocellulose mem-
brane for 1 h. The immunoreaction was examined by visual
inspection of the red colour of the colloidal gold.
Figure 2 Conceptual diagram of the gonad-stimulating substance-like (GSSL)-immunochromatography measuring kit (GIM-Kit) and
property of anti-GSSL antibodies. (A) Schematic diagram of the GIM-Kit. APad, absorbent pad. CG-Ab, colloidal gold-tagged mouse
anti-GSSL antibody (Ab). SAP, sample absorbent pad. T1, mouse anti-GSSL-L or –N Ab immobilised line. T2, goat anti-mouse IgG Ab
immobilised line. (B) IgG analysis of puriﬁed anti-GSSL-L (L) and-N (N) Ab by Coomassie Brilliant Blue R-250 (CBB) stain and
immunoblotting (IB). (C) Double-banding pattern of GSSL of May ovary by anti-GSSL-L Ab (L) and –N Ab (N). (D) Concentration
sensitivity of anti-GSSL-L Ab to the ovaries from May (May) and February (Feb). Each dot was duplicated. (E) Immunoreaction test
between colloidal gold-tagged mouse anti-GSSL-L Ab and goat anti-mouse IgG Ab dot that was blotted at 200, 20, 2 and 0.2 ng per spot.
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The T1 line was created using 1 mg mL1 L- or N-Ab and the
T2 line was created using 500 lg mL1 G-Ab (Sigma–Aldrich,
Inc.). Two types of the GIM-Kits were assembled based on the
different anti-GSSL Abs to tag with colloidal gold. They are
(1) the N-Ab-immobilised T1 line for the L-Ab tagged CG-
Ab section (L-GIM-Kits) and (2) the L-Ab-immobilised T1
line for the N-Ab-tagged CG-Ab section (N-GIM-Kits)
(Fig. 2A). The assembly of the prototype GIM-Kits was per-
formed by Hokudo Co. (Sapporo, Japan).
GIM-Kit-GSSL binding assay
Two hundred microlitres of GSSL that was diluted in DDW at
1 lg mL1, 10 lg mL1 and 100 lg mL1 was applied to the
N- and L-GIM-Kits. The colouration was examined at
10 min after the GSSL application. The relative intensity of
colouration at the T1 line to that at the T2 line (T1 /T2 ratio)
was estimated with ImageJ 1.43u image analysis online open
software (National Institutes of Health, USA; http://rsb.info.
nih.gov/ij). The examination was performed in triplicate.
Installing T2 line in the present GIM-Kit is necessary to ensure
GSSL immunoreaction by detecting the presence of colloidal
gold-tagged mouse anti-GSSL antibody. Colouration of T2
line is also useful to calculate approximate ratio of antigen-
bound antibody to antigen-unbound antibody (T1/T2 ratio),
which enables the estimation of relative intensity of immunore-
action of GSSL in the sample (Fig. 1).
To detect GSSL in the ovaries, ovaries were collected from
females in April, May and June. Each month corresponds to
the early-, the mid- and the late-breeding season, respectively
(Ahmed et al., 2011). The fecund ovaries dissected during these
periods were wiped with paper towels to remove the body ﬂuidon the surface, cut into 1-cm long fragments at the proximal
region and stored at 80 C. Immediately before use, the
ovary fragments were thawed at 4 C and weighed. Then,
DDW was added to 1 mg mL1, and the fragments were
heated at 100 C for 5 min to efﬁciently extract GSSL in the
ovaries (Katow et al., 2009). The samples were brieﬂy vor-
texed, centrifuged at 3000g for 5 min and the supernatant
was used for the GIM-Kit assay.
To estimate the appropriate amount of ovary to apply for
the GIM-Kits, April ovaries were used. The supernatant was
diluted in DDW to 40 mg mL1, 4 mg mL1, and
0.4 mg mL1. Two hundred microlitres was applied to the
GIM-Kits as described above. The relative intensity of immu-
noreaction at the T2 line was analysed as described above. To
estimate the appropriate concentration of GSSL in the ovary
fragments, the ovaries of animals collected in April, May
and June, in which the GSSL was detected immunochemically
(Ahmed et al., 2011), were prepared as described above and
were applied to the GIM-Kits at concentrations of 0.4–
0.5 g mL1, 1–3 g mL1, 4–6 g mL1 and without dilution in
DDW. The immunoreaction time of the ovaries from the ani-
mals in the breeding season was examined using the time when
the T1 line was visibly detected. The GIM-Kits displayed col-
ouration at the T2 line ﬁrst and then at the T1 line.
Seasonal reaction pattern
The ovaries collected in the breeding season were mixed with
100 mL of DDW, heated at 100 C for 5 min, centrifuged at
3000g for 5 min, diluted in DDW to 0.4 g mL1 and applied
to the GIM-Kits. The time until both T1 and T2 lines were vis-
ible was counted immediately after the sample application. The
T1/T2 ratio was analysed as described above, and the proce-
dure was repeated three times.
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To examine the GSSL detection capability in the body wall
immediately beneath the pigmented surface and the warts of
adult where branches of the radial nerves in the body wall con-
centrated (Katow, unpublished observation) were collected as
follows. The body wall tissues were cut out between warts.
Four warts, two from each of two adults in February (before
the breeding season), were collected by cut out at 2 mm from
the tip. Both the body wall and warts were immersed in
DDW to a concentration of 400 mg mL1, heated at 100 C
for 5 min and centrifuged at 3000g. The supernatant was
applied to the GIM-Kits. The T1/T2 ratios were examined as
described above.
Results and discussion
Assembly of the GIM-Kits
The present GIM-Kits were designed based on the technique
of the double-antibody sandwich method (Riske et al., 1990).
Although the original pair of Abs was monoclonal (mAbs),
the GIM-Kits applied a pair of polyclonal Abs. Polyclonal
Abs are also applicable as has been reported in the detection
of white spot syndrome virus in shrimp (Cheng et al., 2007).
To examine whether GSSL can be detected by the immuno-
chromatography with the present two Abs, L-Ab and N-Ab,
their IgG conﬁgurations were examined using SDS–PAGE
and immunoblotting. The CBB-stained image and immuno-
blotting image of the puriﬁed IgGs of both Abs were identical
(Fig. 2B). Both Abs also correctly recognised GSSL in the ova-
ries of April animals with the characteristic two-band pattern
seen at 113 kDa and 100 kDa regions (Fig. 2C) (Ahmed
et al., 2011). These initial examinations suggested that the
two Abs are equally useful as the T1 line Ab.
As both Abs appeared to have identical activity in recogn-
ising GSSL, the potential inﬂuence of colloidal gold conjuga-
tion on the Ab activity was examined using the L-Ab. Forty
nanometre diameter colloidal gold-tagged L-Ab (CG-L-Ab)
was applied to the ovaries of May and February animals that
were diluted at 5 · 102, 1 · 103 and 2 · 103 and dot blotted
to the nitrocellulose membranes. The CG-L-Ab detected
GSSL in the ovaries of May animals (in the middle of the
breeding season) at all the dilution rates used in the present
study but did not in the ovaries sampled from February ani-
mals (well before the breeding season) even at the lowest dilu-
tion (Fig. 2D). Such a result was consistent with previous
results that no GSSL is detected immunochemically in the ova-
ries of February animals (Ahmed et al., 2011). Thus, the pres-
ent CG-L-Ab is applicable for the CG-Ab section.
The ﬁnal step to test feasibility of the present Abs as applied
using the sandwich method is to examine the CG-Ab binding
to the T2 line, which is made with the goat anti-mouse IgG
Ab (T2-line Ab). The CG-L-Ab applied to the nitrocellulose
membrane bound to a dot of as little as 2 ng of T2-line Ab
(Fig. 2E). Thus, the T2-line Ab is feasible in the context of
the sandwich method to trap at least 2 ng of CG-L-Ab.
According to T1/T2 ratio analysis, the sensitivity of the T2-line
between the N-GIM-Kits was 0.145 ± 0.05 (n= 3) and the L-
GIM-Kits was 0.24 ± 0.04 (n= 3). Although the L-GIM-Kits
were slightly more sensitive than the N-GIM-Kits, theunpaired t-test comparing them returned a P value 0.0629
(>0.05). Thus, consistent with the above observations
(Fig. 2B and C), the two GIM-Kits detected GSSL similarly.
The prototype strip of the GIM-Kit was encased in a plastic
box with an opening right on the sample application pad (SAP;
Fig. 3A) and a rectangular window that exposes the T1 and T2
lines (Window; Fig. 3A). The sample solution in nitrocellulose
membrane was directed to ﬂow towards the absorption pad
(APad; Fig. 3A) by passing through the CG-Ab section and
the T1 and T2 lines. The GIM-Kit detected the GSSL as little
as 5 ng with a similar T1/T2 ratio to that of 500 ng with similar
intensity of immunoreactions (Fig. 3B). This suggests that the
GIM-Kit does not detect the difference of GSSL concentration
at the range less than 500 ng. Accordingly, the Kit did not
show signiﬁcant difference in the T1/T2 ratios at the range less
than 80 lg protein of April ovary extract (Fig. 3C).
On the other hand, the GIM-Kit detected GSSL with at
least 80 ng of the antigen-Ab-complex in the ovaries, which,
however, is larger than the 2–20 ng of GSSL detected by the
Ab immobilised at the T1 line of the Kits (Fig. 2E).
The reaction time of the GIM-Kit was not signiﬁcantly
dependent on the concentration of samples in the range from
20 min for 4–6 g mL1 to 40 min for 400–500 mg mL1. How-
ever, concentrations larger than 10 g mL1 caused substantial
delays to more than 2 h (Fig. 3D). The visibly slow ﬂow rate
of such high concentration samples during visual inspection sug-
gests that the higher viscosity of the samples increased the time
required for the samples to reach the immunoreactive CG-Ab
section and thus the T1 and T2 lines (Fig. 3A). Except for the
above higher-concentration samples, the present reaction time
of the samples with a concentration lower than 4 g mL1 is sim-
ilar to those already on the market. These times include 20 min
for a Staphylococcus aureus enterotoxin serotype E detection kit
(Lakner et al., 1998), 15 min for poisonous algae Alexandrium
minutum in shell ﬁsh farming (Gas et al., 2010), and 5–30 min
for the detection of organo-phosphorus pesticides in agricul-
tural farming (Hua et al., 2012) but slightly slower compared
with that of the 3–10 min required for melamine detection in
raw milk, milk products and animal feed (Li et al., 2011),
10 min for a Directigen EZ RSV detection kit (Kuroiwa et al.,
2004) and a canine trypsin-like immunoreactivity (cTLI) test
used in veterinary medicine (Takahashi et al., 2003).Application
The present GIM-Kit assay was applied to analysis of the ova-
ries in the breeding season based on our previous report that
little or no GSSL is detected by immunoblotting and immuno-
histochemistry in the animals other than during the breeding
season (Ahmed et al., 2011). The GIM-Kit detected an immu-
noreaction after loading 200 lL of solution (Fig. 4A), which is
the average amount of sample applied to currently commer-
cially available immunochromatography measuring kits (Hua
et al., 2012). During the breeding season, the visible intensity
of immunoreaction indicated by T1 line was the highest in
April and decreased gradually towards June (Fig. 4A). Accord-
ingly, the T1/T2 ratio decreased from April to June (Fig. 4B).
Predictably, the reaction time was the shortest in April and
longer towards June (Fig. 4C). Thus, the GIM-Kit detected
the relative amount of GSSL in the ovaries in breeding season
with a high T1/T2 ratio and quick reaction time.
Figure 3 Assembled prototype gonad-stimulating substance-like peptide (GSSL)-immunochromatography measuring kit (GIM-Kit)
and assay of its sensitivity to GSSL. (A) Appearance of the prototype GIM-Kit. Strip, uncased strip of the GIM-Kit. APad, absorption
pad section. T1, test line to indicate speciﬁc-immunoreaction where mouse anti-GSSL antibody (Ab) is immobilised. T2, control line where
goat anti-mouse IgG Ab is immobilised. CG-Ab, colloidal gold-tagged mouse anti-GSSL-N or -L Ab containing section. A circle and box
of dotted line in ‘‘Strip’’, approximate location of ‘‘SAP’’ indicated by dotted quotation line and ‘‘Window’’ in ‘‘Encased’’. Encased,
encased GIM-Kit. The immunoreaction appears at an opening of the case (Window). This particular photo shows two dark lines that
indicate positive detection of GSSL in the ovary of an April animal. (B) T1/T2 ratio in relation to application amount of sample. (C) T1/
T2 ratio in different amounts of the ovaries in the breeding season. Abscissa: amount of the ovary in 200 lL of sample solution applied to
the Kit. (D) Reaction time (in min) at different concentrations of the ovaries in the breeding season. UD-10; undiluted to 10 g mL1. 4–6;
4–6 g mL1, 1–3; 1–3 g mL1, 0.4–0.5; 0.4–0.5 g mL1. Ordinate; average reaction time in min. Abscissa; sample concentration. Vertical
bars are SDs (n= 3).
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cavity (Katow et al., 2009). Thus, the body ﬂuid could be an
easy target for GSSL testing in the animal. The present
GIM-Kits, however, did not detect the peptide in females of
the breeding season even in the samples that were concentrated
to around 300% in volume of the original body ﬂuid by freeze
drying (data not shown). This could be due to the level being
lower than the lower limit of 2 ng (=80 nM) of GSSL in thebody ﬂuid which the GIM-Kits can detect (Fig. 2E). In star-
ﬁsh, the normal active concentration of the gonad-stimulation
substance is 2 nM (Mita et al., 2009). If GSSL in the body ﬂuid
works at approximately that range of the concentration, the
present GIM-Kits would not detect it. Thus, body ﬂuid is
not applicable as the sample for the Kits. This could be
improved by raising the immunoreactivity of anti-GSSL Abs
as described at the end of this section.
Figure 4 Seasonal response of GSSL-immunochromatography measuring kit in intensity and reaction time of the ovaries and wall
tissues of body colour variants. (A) Photos of GSSL immunoreaction at the T1 and T2 lines during breeding season from April to June.
(B) T1/T2 ratio of the ovaries during the breeding season. P values of unpaired t-test between April and May was 0.0796 (>0.05) and
0.0231 (<0.05) between April and June. (C) Seasonal reaction time of the ovaries. (D) T1/T2 ratio of warts and body wall of colour
variants. Green, warts from green body-coloured variant. Black, warts from black body-coloured variant. NW, non-warts body wall
tissues of green-coloured variant. Unpaired t-test between green and black warts had a P value of 0.062 > 0.05 (n= 3). Vertical bars are
SDs (n= 3).
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nerves that innervate into the body wall (Katow et al., 2009),
and concentrates at the warts (Katow, unpublished observa-
tion). However, the GSSL content in the radial nerve remains
similar throughout the year (Ahmed et al., 2011). Accordingly,
the present observations indicate that the warts from adults in
the non-breeding season displayed GSSL with, on occasion,
even a slightly higher T1/T2 ratio than that of the ovaries in
the breeding season (Fig. 4D). The apparent T1/T2 ratio of
the warts of the black-coloured variant was higher than that
of the green-coloured variant. However, the P value of the
unpaired t-test was 0.0615 > 0.05 (n= 3), which was not quite
signiﬁcant and may be consistent with the report that there is
little genetic difference between the two colour variants
(Kanno et al., 2006). The T1/T2 ratio of the non-wart body
wall tissues was similar to that of the ovaries of April animals
(Fig. 4D), which may, unlike that of the warts, be due to sparse
innervation of the radial nerves into the non-wart body wall
tissues (Katow et al., 2009). Thus, the body wall tissues are
not an adequate sample to detect feasible females.
Although the physiological activity of GSSL from the sea
cucumber is highly species-speciﬁc (Maruyama, 1985), the
present initial design of the GIM-Kit detected the females
of A. japonicus that are ready to release matured eggs, which
would signiﬁcantly decrease the number of adults currently
required for egg harvesting. The present prototype model of
GIM-Kit retained its sensitivity to detect GSSL for fairly
long period, at least three years, of storage at 4 C in refrig-
erator. These properties would contribute to downsizing facil-
ity and running cost of the hatcheries. In future studies, the
GIM-Kit could be improved by shortening the reaction time
to 5 min, as has been achieved in pregnancy tests (May,
1991), by increasing the immunoreactivity of anti-GSSL
Abs. The present anti-GSSL Abs were initially raised to
detect physiologically active amino acid sequence of GSSL
(Katow et al., 2009). Thus, one possible solution to increase
the immunoreactivity of future anti-GSSL Abs would be to
ﬁnd a highly immunoreactive amino acid sequence for the
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